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ART. XL VI.-Darluned Silver Ohloride not an Owyahloride; 
by M. CAREY LEA. 

ABOUT two years ago, I published a series of papers in this 
Journal, the main object of which may be briefly stated as fol
lows :-to prove that the substances which I described as 
., photosalts" and obtained by purely chemical means were 
identical with those produced by light, with both the visibly 
darkened substances, and the material of the latent image. 
Further, that all these substances consisted of a silver haloid 
(normal chloride, bromide or iodide) combined with the corres
ponding subsalt, not in equivalent proportions, but after the 
manner of a "lake." The subsalts, being unstable substances 
when isolated, acquiring much greater stability by the union. 

The only objections I have seen to these views were based 
on investigations made in England by Dr. Hodgkinson: his 
conclusions were that an oxysalt and not a subsalt was formed. 
Although several years have elapsed since these conclusions 
were made public, the means by which they were reached and 
the necessar'y. experimental proof, do not seem to have been 
published. Mr. Me-Idola in his interesting" Chemistry of Pho
tography," in treating of this part of the subject seems disposed 
to accept Dr. Hodgkinson's theory and his formula Ag,OCI. 
for darkened silver chloride. Mr. Meldola adopts my views 
that th~ photosalts which I described and which were obtained 
by purely chemical means are identical with the . products re
sulting from the action of light on the silver haloids, but ex
presses the opinion that I have not proved my theory of their 
constitution. 

It has always seemed to me that the whole mass of observa
tion on the action of light on silver chloride tended so thor
oughly to indicate the formation of subchloride, that we might 
reasonably accept that view, at least until something in the way 
of proof were offered for the oxychloride theory. But, waiving 
this objection, I will endeavor to show that subchloride and 
not oxychloride is the product of the action of light on silver 
chloride. 

The question as to the presence or absence of oxygen in 
colored silver chloride is one that cannot be determined satis
factorily by quantitative analysis. Taking for example the 
formula just mentioned, Ag,OCI .. it would involve the presence 
of about 3 per cent of oxygen, if the entire mass of silver chlo
ride were converted into this substance. But we know that 
even by the longest exposnre, the proportion of AgCI acted 
upon is very small It would probably be a liberal estimate if 
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we were to fix 5 per cent of the whole mass as the proportion 
changed by light. So that the amount of oxygen that would, 
according to the oxychloride theory, be introduced into a given 
quantity of chloride by prolonged exposure would not exceed 
three twentieths or 0'15 of one per cent, of the material under 
examination, a dangerously small quantity on which to attempt 
to decide an important question, especially where the estimation 
is indirect. If even a vt-.ry careful determination of the silver 
and the chlorine present should bring the sum of these to a 
quantity represented by figures amounting to from 99'80 to 
99'90, would it be allowable to assume that the difference be
tween this and 100 consisted of oxygen and so to take the 
presence of an oxychloride as proved 1 Such reasoning could 
not be accepted; the errors incident to the most careful anal.; 
ysis would too largely affect the point vitally at issue, not to 
speak of the entire absence of proof that the deficient quantity 
was oxygen. 

These considerations convinced me that it was not in that 
direction that one should seek for proof of the presence or ab
sence of oxygen in the the substance in question. I therefore 
looked for what may be called ]»'00/ bYeflJ(Jlu8ion. 

Coal naphtha (refined petroleum) is a substance absolutely 
free from suspicion of containing oxygen or moisture all im
purities, so much so as to be universally used for the preserva
tion of sodium. 1 have sodium that has been preserved in this 
way for over thirty years. Silver chloride was precipitated 
with excess of hydrochloric acid, was washed in a darkened 
room and dried in a dessicator. From this it was transferred 
to a porcelain crucible, covered and fused over a lamp. When 
thoroughly fused tin this condition it is as fluid as water) it was 
poured directly into naphtha. This naphtha had been placed 
to the depth of an inch or more in a dry porcelain vessel, which 
was first well wiped out with naphtha to remove the film of 
atmospheric moisture which condenses on surfaces. 

The chloride congealed into a pale gray lump which, whilst 
it remained under the petroleum, was absolutely free from all 
possibility of contact with oxygen, free or combined. Without 
removing it, the vessel was moved into the sunshine. When 
touched by sunlight, the chloride instantly became as black as 
ink. 

This experiment seems deciSIve as to the oxychloride theory. 

It seemed desirable not to stop here, but to find a means of 
applying an equally decisive proof by exclusion to the converse 
case. In the above instance, a photosalt was formed by reduc
tion starting with normal chloride. The converse case would 
be the formation of a photosalt by chlorination, starting with 
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metallic silver, and excluding oxygen, free or combined, thus 
demonstrating that that element is not needed and plays no 
necessary part in the formation of silver photochloride. 

Anhydrous cupric chloride, which I at first thought of em
ploying, proved to be insoluble in naphtha. In renderinp: ferric 
chloride anhydrous there is a possibility of forming oxychloride; 
it could therefore not be employed. As it is not in the least 
important which halogen is used, I concluded to take iodine 
which proved to be sTightly soluble in naphtha with a beauti
ful violet coloration. The mode of operation was as follows. 
Pure silver reduced by cadmium from the chloride was heated 
nearly to redness in a porcelain capsule, and at the instant of 
removal from the flame, was dropped into naphtha. Some frag
ments of iodine were added. Owing to the VAry small amount 
of iodine soluble in naphtha, the action was slow, but contin
uous and regular. As fast as the iodine dissolved, it was taken 
up by the silver. At the end of some hours the iodine had dis
appeared wholly, and the naphtha was colorless. Fresh naphtha 
replacing it failed to dissolve any iodine. The whole of it 
had combined with the silver to a black compound. This ex
periment may be varied by using a piece of clean silver foil or 
even a silver coin that has been boiled a few moments with 
nitric acid, washed and heated by a blast lamp. Immersed in 
the naphtha with iodine its surface soon becomes perfectly 
black. 

This reaction forms the complement of the other and the 
two show that whether we start from sil \"er chloride and pro
ceed by reduction or from metallic silver and proceed by iodi
zation, in either case we can obtain a photosalt under condi
tions which rigorously exclude all possibility of the presence 
of moisture or of oxygen in any shape. 

Therefore the photosalt is not an oxysalt, but, as I endeav
ored to prove two years ago, a compound of normal salt with 
subsalt. 

The action of light upon silver chloride appears to take place 
in the following manner. 

If any substance is present with which chlorine can combine; 
either directly or by substitution,* the AgCl is decomposed with 

* As to the action of light on silver chloride perfectly isolated, i. e. in a perfect 
vacuum would appear from an interestmg experiment of Abney's that no decom
position takes place. It was found that AgCl in vacuo did not darken even by 
prolonged exposure. 

This experiment does not indicate that the presence of moisture is essential for 
decomposition, it simply proves that some substance (by no means necessarily 
water) must be present upon which chlorine can act Accordingly, when the 
vacuum tube contained mercury, the Agel was decomposed by exposure to light. 
-It may be remarked that this last mentioned fact, properly considered, would 
have heen found to be fatal to the oxychloride theory, inasmuch as darkened 
chloride was formed in the total absence of oxygen. 
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formation of subchloride. As the product is subchloride and 
not oxychloride it is not necessary toat the" substances present 
should contain oxygen, as has just been shown. The sub· 
chloride thus formed instantly combines with a portion of the 
silver chloride as yet unacted upon by light, formin~ a photo
chloride of great stability, capable for a time of resIsting the 
action of nitric acid (I have shown that the photochloride made 
by purely chemical means also shows this stability.) 

This combination is not by equivalents but it is of the nature 
of a lake, and the affinity of silver chloride for the subsalt is 
of a progressively diminishing character. Small quantities of 
subchloride are held with great tenacitl; as the proportion of 
subchloride increases the affinity dimmishes. This is no as
sumption, it is easy to form chemical photochloride containing 
a large proportion of subchloride. Much of this latter is in
stantly decomposed by cold nitric acid; with heat, an addi
tional qnantity disappears and so on until the last portions may 
require hours of boiling with strong acid, for decomposition. 

This stable combination of the chloride and subchloride con
stitutes alike the material of darkened chloride, of the la.tent 
image, and of the photochloride. 

An excellent mode of testing the value of a chemical theory 
is to observe its ability to explain not only the general result 
of a reaction, but also the secondary facts observable. In the 
present matter, the action of light on silver chloride, there are 
two such secondary facts of a quite remarkable nature, for 
which, though long familiarly known, no explanation has 
hitherto been found, bllt whieh, I think, will be found to be 
readily and satisfactorily explained by the photochloride 
theory. 

1. When silver chloride is exposed to light, there is a certain 
pause, an interval during which very little action takes place. 
After this, the darkening sets in rapidly. This fact is so con
spicuous as to attract the attention of everyone who exposes 
chloride paper. 

The expfanatiun is: light pink or violet photochloride is 
vastly more sensitive to light than white chloride, a fact easily 
proved by preparing light colored photochloride by any of 
the chemical means I have elsewhere described, brushing it 
and white chloride, each in a pasty condition, over respective 
strips of paper and exposing side by side; the difference in 
the darkening is very striking.-N ow the first action of light 
on white chloride is to form this light-colored photochloride, 
and whilst that is going on but little visible effect is produced. 
As soon as the photochloride is once formed, the darkening 
becomes rapid. The time required for the first formation of 
the photochloride gives rise to the pause which is observable. 
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2. When pure moist silver chloride is exposed to light, the 
darkening goes on steadily to a certain point and then virtually 
ceases. Although the mass may be constantlv agitated so as to 
expose fresh portions whilst it is kept moist, or better, kept 
under water, the action of light after a few days exposure, 
ends almost wholly, and though the chloride now seems per
fectly black, analysis shows that the a.D1ount of chloride altered 
has been very small, perhaps a twentieth. For this well 
known 8Jld most remarkable fact I believe no explanation has 
ever been offered. 

It is to be explained I think as follows: When light acts on 
moist silver chloride, acid products are formed, the nature of 
which has not been fully made out, but whose presence is cer
tain. (If the exposure is made under water, the water red
dens litmus, it does not bleach it.) These acid products would 
instantly destroy silver subchloride isolated. As long as the 
quantity of subchloride present and combined with normal 
chloride is small, the protecting power of the normal chloride 
saves the subchloride from decomposition. The ability of 
normal chloride to protect the subsalt rapidly diminishes as 
already mentioned as the proportion of the latter increases; 
these forces in time find an equilibrium (as in the case of many 
other chemical reactions), in which the quantity of subchloride 
becomes constant, and any excess that is formed by light 
beyond the quantity which the chloride can protect is instantly 
destroyed. Consequently even the most protracted exposure 
fails to increase the proportion of subchloride beyond its limit. 

The complete cessation oi the reducing action of light after 
a certain very small fraction of the chloride present has been 
attacked eannot be explained by the oxysalt theo?,. For, if a 
small portion of the chloride has been converted mto Ag.OOI .. 
there is no conceivable reason why a continuance of the same 
agencies at work should not affect the residue and so go on 
until the whole of the silver chloride passes into the new con
dition.-No theory deserves serious consideration that does not 
offer a satisfactory explanation of these two conspicuous facts: 
the pause at the outset, and the cessation of action as soon as a 
certain small proportion of chloride is reduced. 

A confirmation of the explanation here offered is to be found 
in the fact that black forms of photochloride chemically 
formed are almost wholly unacted upon by light. By treating 
metallic silver in a state of fine division* with sodium hypo
chlorite, black photochloride is easily formed which, after two 

* For such purposes, metallic silver is best obtained by precipitating the 
nitrate with sodium hydroxide in excess, and without washing, adding a solution 
of milk sugar. In a few hours the reaction is complete (LevoI'8 method.) If the 
presence of any undecomposed oxide is feared the product may be washed with 
ammonia. 
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or three treatments with hypochlorite solntion, gives np nothing 
to cold nitric acid. It is almost wholly insensitive to light; 
becanse as fast as normal chloride is decomposed by light it is 
reconstituted by the conversion of a corresponding quantity of 
subchloride present, to normal chloride. The chloride and sub
chloride are in an equilibrium which the action of light does 
not alter. 

August, 1889. 




